This paper presents the experimental results of a study on radio frequency attenuation path loss conducted in Ekiti State, Nigeria. The objective of the study is to develop a path loss model comparable to the existing path loss models through a real time application of outdoor VHF signal propagation measurements of the Nigeria Television Authority (NTA) Channel 5 and carrier frequency of 175.25 MHz located in Ado-Ekiti, Ekiti State, Nigeria. Experimental measurements were taken in three routes covering the entire state. Analysis of the data collected from the experiments resulted in models which are in agreement with the existing standard models. Root Mean Square Errors were calculated for all the path loss models. Results show that the signal of the station was generally poor along the routes considered as the deviations of the measured path losses from the free space path loss exceed 6 dB in most cases.
Introduction
Wireless communication system relies on the propagation of signal waves and data transmission through the free space, hence wireless communication provides mobility for users and satisfies the demand of the subscribers at any location covered by the wireless network [Mardeni R and Kwan K.F, 2010] .
Good quality and high capacity networks together with accurate estimation of coverage is extremely important , therefore, accurate design coverage of modern cellular networks and signal strength measurements must be taken into consideration in order to provide an efficient and reliable coverage area.
Several path loss prediction models have been proposed in the literatures but none of these models can be generalized for all environments and localities, instead they are suitable for some specific areas, terrain and climate. Path loss model's parameters can however be adjusted according to the specific environment to obtain minimal error between predicted and measured signal strength values [Mardeni R and Kwan K.F, 2010] . The work by Mardeni and Kwan (2010) proposed the optimized Hata path loss empirical model using the least square method for Malaysia while Nadir (2011) investigated seasonal path loss model prediction for Oman. The work by Nadir (2011) Akinbolati et al (2016) with the aims of optimizing the path losses for the investigated cities.
Path loss models are required in network planning, more importantly during the feasibility studies as well as the process of the initial deployment of the network system. They are also used in the prediction of the coverage areas, interference estimation and frequency assignments which are basic elements for network planning process in terrestrial broadcast systems (Nadir 2011 ). Propagation models can be classified into three types, namely: the empirical models, deterministic models and semi-deterministic models (Oyetunji, S.A,2013) In this research work, empirical models were employed, Free space, Hata, CCIR and Ericsson path loss models were modified and generalized to suit some routes in Ekiti State of Nigeria, using VHF television signal of Nigeria Television Authority (NTA), Ado Ekiti, channel 5 transmitting at 175.25MHz frequency band. The research is motivated by the encouragement given by international telecommunication union radio(ITU-R) that scientists and engineers should carry out researches in their localities leading to the development of signal propagation profile in their geographical locations (CCIR Report 1986 ).
The organization of this paper is as follows; section II discussed the existing propagation path loss models from literatures as fundamentals to this study. The description of environment where this study was conducted was presented in section III, this was crucial to validate the environment specificity effect on this study .While an adequate explanation on the materials and procedures engaged in achieving the results presented in this study was given in section IV, the results and discussions were presented in section V and section VI concluded on the outcomes and the importance of the research.
Propagation Path Loss Prediction Models
Quite a number of propagation models exists in literatures and these had been engaged by various researches to analyze the propagation path losses in their different geographical locations. Research being environment specific, and to the best of our knowledge, little or no research have been carried out in this area in the chosen geographical region under consideration in this study. Some of the existing propagation path loss models as reviewed from literature are discussed below.
A. Free Space Propagation Model
Free Space propagation between transmitting and receiving antennas may be assumed when both antennas are sufficiently high, so that only the direct signal gets to the receiving antenna. The free space model takes only into consideration distance and frequency, hence, it is limited in its ability to accurately predict path loss in most environments (Mardeni and Kwan, 2010, Femi-Jemilohun and Stuart,2014 
B. Okumura Propagation Model
This is a mathematical model developed by Okumura. It is the most extensively used for signal propagation prediction model in mobile communication and is recognized by the International Telecommunication Union (ITU) (CCIR Report 1145, 2000),
The Okumura model for urban area is a radio propagation model that was built into three modes which are urban, sub -urban, and open areas. This model assumes that the path loss between the transmitter and receiver in the terrestrial propagation environment can be mathematically expressed as:
Where L is median path loss between the transmitter and receiver expressed in dB, L FSL ; Path loss of the free space in dB, A FSL : Basic median attenuation, H TU transmitter height gain correction factor in dB, H RU receiver height gain correction factor in dB and K correlation : correction factor gain (such as type of environment, water surfaces, isolated obstacles).
C. Okumura-Hata Propagation Model
This model was derived from Okumura field strength curves and various path loss equations for different types of environments predicted. For Hata model, distance from the base station ranges from 1km to 20 km, mobile antenna height is between 1 m and 10 m, base station antenna height is between 30m and 200m and the carrier frequency is between 150 MHz and 1500 MHz, .it is classified into urban area, sub-urban area and open space models. Path loss for Hata Model is defined as: 
D. CCIR Path Loss Model
Comité consultatif international pour la radio (CCIR), which in English means Consultative Committee on International Radio was founded in 1927 and over the years merged with the original ITU and several other organisations. In 1992, CCIR now known as International Telecommunication Union Radio Communication Sector (ITU-R) published an empirical formula for combined effects of free space path loss and terrain induced path loss given as (CCIR Report 567-3, 2000), 
Study Area
Ekiti State of Nigeria (Fig. 1) was chosen for this research, it is one of the 36 states in Nigeria, situated in the western part of the country. Ado -Ekiti is the capital of Ekiti State where NTA Channel 5 base station used for the study is situated. The parameters of this broadcasting station are given in Table. 1. Three routes were considered, covering the northern and the western part of the state. The effective isotropic radiated power (EIRP) of the transmitter of this television station during the period of this investigation was 3.5 KW and the transmitting antenna was mounted on a mast of height 167.5 m. 
Materials and Method
The Measurements of the electric field strength were taken at selected points along three routes in EkitiState using a Digital signal strength meter, BC1173, 75 ohms input, A/c 100 . . max, DC 9V from DBC Technologies. Measurements were carried out in all the towns and villages in the three routes. The measured field strength values, the location coordinate of each point of measurements, the elevation above sea level and the line of sight distance from the base station were recorded for analysis. Tables 2, 3 and 4 show the measurements of signal propagation of NTA along the three routes considered. The tables show the distances from the base stations along the path of measurements, the elevations above sea levels at the point of measurements, the measured signal strength at each point of measurement and the path loss along the routes. Fig.2, Fig.4 , and Fig.6 show the elevations and the propagation path losses along Route A, B and C respectively. It is observed that there is a slight correlation along the routes between the path losses and the elevations. Locations with higher elevations appear to have reduced path losses as compared with locations with lower elevations. Fig.3, Fig.5 and Fig.7 show the propagation path losses along routes A,B and C respectively.
Results and Discussion
It is observed from the three plots that the path losses along the routes increase with distances from the base stations. This is in accordance with the inverse square law for signal propagation. The plots of the propagation path losses are however observed to be pronouncedly uneven due to irregular elevations of the surfaces of the grounds, the presence of hills, vegetations and atmospheric factors such as refraction, absorption along the routes of measurements. Tables 5, 6 and 7 show the results of the calculated path losses using the existing models. While Fig. 8 , 9 and 10 show the plots of the measured path losses along route A, B and C respectively against the existing empirical models. It can be observed from the plots that measured path losses are uneven as compared with those of the empirical models because of the presence of hills and mountains along the routes. In table 8, the least root mean square errors were computed for the three routes. It is observed from the table that the Hata (sub-urban) has the least root mean square errors for routes A, B and C while the free space model has the highest least mean square errors for the three routes as expected. It can therefore be concluded that the Hata (sub Urban) is the closest among path loss models considered to predict the signal path loss for the VHF signals in all the routes covered in this study.
In Fig. 8 , a deviation of the measured path loss from the free space path loss of 6 dB is noticeable for route A except at Oke Ayedun and Odo Ayedun where the deviation is more that 6 dB. This could be attributed to a low elevation between these two towns, hence weak signal reception. In Route B, the deviation of the measured path loss from the free space path loss is greater than 6 dB at a distance greater than 48 km from the base station as revealed in Fig.9 . At this distance the signal was very weak hence reception became very poor. While in route C, the deviation of the measured path loss from the free space path loss is greater than 6 dB at a distance of greater than 25 km from the base station as depicted in Fig.10 . The distance at which the deviation exceeds 6 dB was shorter in comparison with other routes because of the elevation of this route being highly hilly; therefore, the signal strength along this route was generally poor. Table 8 shows the root mean square errors (RMSE) of the path loss models for the three routes considered. For route A, the RMSE is too large for all the models. The results indicate that none of the models can be uses to predict the path loss in the route. The Hata model is howver observed to have the least RSME. The large value of the RMSE can be attributed to the terrain of the route. The route is highly hilly with lot of valley along the path of measurement. For route B, it can be observed from the table that Hata model have the least RMSE with a value that is less than 6dB. This implies that the Hata(Sub-Urban Model) can be used to predict the path loss alonge this route. For route C, the Hata(Sub-Urban Model) is also observed to have the least RMSE. It is also observed from the table that the Ericson model also have a RMSE of less than 6dB. This implies that both the Ericson and the Hata(Sub-Urban Model) can be used to predict the path loss along this route but with the HATA model giving a better result. 
Conclusions
This work focuses on the analysis of VHF propagation path loss for Ekiti State, Nigeria. The field strengths of NTA broadcasting station, Ado Ekiti were measured in some selected locations along three routes in the state. Results show that the propagation signal of the station was generally poor along the routes considered. The deviation of the measured path loss with the free space path loss exceeded 6 dB in most cases. It is therefore needful for the broadcasting station to increase their transmitting power or build a repeater stations along the routes considered if they are to serve the communities effectively. Some prediction models was also used to predict the path loss in these selected locations .The Hata (sub-urban) path loss prediction models have the lowest Root Mean Square Errors for the three routes considered and may be used to predict the signal propagation path loss for the state at this frequency.
